Mechanical restitution of isolated human ventricular myocardium subjected to in vivo pressure and volume overload.
The aim was to make a comparison of the mechanical and electrical refractory properties of isolated strips of human ventricular myocardium obtained from patients with either left ventricular pressure overload, volume overload, or normal left ventricular function. Strips of ventricular myocardium were obtained at the time of cardiac surgery from 17 patients with aortic stenosis, representing pressure overload, 14 patients with aortic regurgitation, representing volume overload, and nine patients with mitral stenosis, representing normal left ventricular function. Muscle strips were mounted isometrically in a tissue bath, superfused with physiological saline at 37 degrees C, and stimulated at 1 Hz. Mechanical restitution curves were constructed from the isometric twitch tension obtained from extrastimuli during a special stimulus protocol. Transmembrane action potentials were recorded using glass microelectrodes and restitution of the upstroke velocity of action potentials studied in the presence of high external potassium concentration. The aortic stenosis group was older and had higher left ventricular systolic pressures and thicker left ventricular walls than the other groups. Electrocardiographic evidence of left ventricular hypertrophy was present in both the aortic stenosis and aortic regurgitation groups. Peak tension, time to peak tension, and the maximum rates of rise and fall of tension were not significantly different between groups. The time constant of the initial rapid recovery phase of mechanical restitution (tau 1) was prolonged in the aortic stenosis group, at 603(SEM 80) ms v 367(53) ms in the aortic regurgitation group (p < 0.005), and 259(70) ms in the mitral stenosis group (p < 0.005). There was a positive correlation between tau 1 and left ventricular wall thickness (p < 0.05). Neither "normal" nor "slow" (in the presence of raised external potassium) transmembrane action potentials differed in the groups studied. The mean time constant of recovery of "slow" action potential dV/dtmax was slower in the aortic stenosis group, but this difference was not significant. These data are consistent with the hypothesis that the rate of recovery of calcium release from the sarcoplasmic reticulum is slowed in myocardial hypertrophy due to pressure overload in man and provides a possible explanation of the occurrence of mechanical alternans in such patients.